ofS. japonicum representing Japan, China, For mosa, and the Philippines, they found that these 2 species differed at 82%â€"9b%ofthe 1 1â€"13 elec trophoretically detectable boci surveyed. They also reported considerable intraspecific variation within S. japonicum and raised the possibility that this â€oespeciesâ€• may actually be a group of semispecies. However, as the laboratory strains examined were all isogenic and probably poor representatives of wild schistosomes, Fletcher et al. postponed any taxonomic revision, a decision supported by their subsequent study of S. mansonP in which some strains were found to retain variation at up to 33% of 18 boci studied. Clearly, any reconsideration of the taxonomic status of the various geographic races of S. ja ponicum would have to be based on schistosomes brought into captivity more recently than the widely used strains maintained for the National Institutes of Health which have been cycled through laboratory mice for 10â€"50years. The present paper involves several freshly collected field samples and constitutes another step to wards resolving the systematic problems of Asian
Schistosoma.
Since our original genetic study of the Asian schistosomes was completed, Davis and Greer have published a detailed account ofthe possible evolution of these trematodes based on geolog ical, pabeontologicab, and cladistic analyses of snails involved in their transmission. 3 They es tablished the concept of a S. japonicum species complex and made predictions about species re lations within that complex. For example, they predicted that the Malaysian schistosome would have a closer genetic relationship with S. me kongi than with S. japonicum.
Although all studies@'3 show the Malaysian parasite to belong in the S. japonicum complex, as defined, it was only recently that genetic data supportive of Davis and Greer's hypothesis be came available. '4 We here provide additional evidence based on a consideration of genetic variation in 4 recently established strains of S.
japonicum from the Philippines and additional samples of S. mekongi and the Malaysian schis tosome.
MATERIALS AND METHODS
Four strains of S. japonicum from the Phil ippine islands of Leyte, Luzon, and Mindoro were examined. All were cycled through Oncomelania Malaysia, and pas saged through Swiss albino mice.
All schistosomes were cultured at the Center for Applied Malacobogy and Entomology (De partment ofBiobogy, Faculty ofScience, Mahidol University, Bangkok), and the older strains were cycled at a rate of 2â€"3passages a year. Adult worms were recovered by perfusion and dissec tion ofanesthetized infected mice and were brief by washed in distilled water before being frozen at â€" 30Â°C.They were then flown to San Diego and stored at â€"70Â°C for up to 3 months before electrophoresis.
Horizontal starch gel electrophoresis was per formed to separate each animal's structural gene products, and histochemicab staining techniques resolved specific albozyme patterns. Techniques were very similar to those described elsewhereâ€• except that we used 12.5% gels made of Sigma starch (Sigma Chemical Co., St. Louis, Mis souri). Prior to ebectrophoresis the adult worms were thawed, quickly separated by sex, and ho mogenized individually in 7 @b (females) or 10 sl (males) of chilled distilled water. Albozymes were designated a, b, or c in order of decreasing electrophoretic mobility and by the use of the same abbreviations em pboyed to represent the enzymes, set in lower case and italicized. Unbiased estimates of genetic dis tance between the various strains were calculated using Nei's revised formula'7 and the BIOSYS computer program.'8
RESULTS

Consistent
and interpretable electromorph patterns were obtained for 11 enzymes repre senting 11 structural gene loci. Patterns for DIA and PEP in Asian schistosomesare described here for the first time: DIA resolved as a single sharply defined band of activity migrating ano daIly, PEP resolved as series of 2â€"3 intense evenly spaced bands migrating anodally. The presump tion is that each of these enzymes is coded as a single monomorphic locus. All other enzymes gave patterns similar to those reported previ ously except as noted. MDH-1 resolved as a sin gle band of activity in all strains; this band varied in relative mobility between taxa. When MDH-l is denatured it breaks down to give a 3-banded pattern sometimes indistinguishable from the patterns of heterozygotes for dimeric allozymes. We are convinced, however, that these MDH-1 pseudo-heterozygotes are actually denatured homozygotes, as affected individual schisto somes also showed blurred patterns for PEP, MPI, and GPI and generally no activity for AK.
Our genetic results, pooled where appropriate with those previously published (see Discussion), are summarized in Table 1 . The proportion of loci polymorphic (P) and the mean individual heterozygosity per locus (I?) were both 0 in all 4 strains of S. japonicum, in S. mekongi, and in the Malaysian schistosome.
Four strains of S. japonicum from the Phil ippines were examined. The LEYTE LAB and LEYTE FIELD strains were identical at all 11 boci. The LUZON strain is not well characterized (based on number ofloci and number of worms) but was identical to the LEYTE strains at all 8 boci examined. In contrast, the strain from MIN DORO was weakly differentiated from the others being fixed for a different allele at G6PD and at PEP.
Schistosoma mekongi apparently shares a GPI allele with Philippine S.japonicum but otherwise the two taxa differ at 1 1 out of 12 (92%) loci. The Malaysian schistosome also differs from S. 
DISCUSSION
Before discussing our results in detail it is worth inquiring to what extent our findings are com parable to those published previously, as similar strains and techniques were employed.
Yong et @ studied variation in 2 strains of theMalaysianschistosome: from Kuala Koyan, Pahang (isolated in 1980 near the same village as our 1982 strain), and from near Baling, Kedah (isolated in 1983). They examined 137 worms from Koyan and scored an average of 12 indi viduals at each of 11 loci. Each worm was scored for only a single locus. For the Baling strain they ebectrophoresed 62 animals (averaging 7 per lo cus for 9 loci). They found no genetic variation in either strain and both strains were identical at the boci examined. Judging from their descrip tions of the various electromorphs and the fact' that our MALAYSIA strain was derived from the same site at Koyan as theirs, we believe our results are directly comparable and may be pooled to give a composite description of the genome ofthe Malaysian schistosome based on 3 strains from 2 sites and up to 14 loci.
S. mekongi has previously been studied ge netically in our laboratory' and by Yong et al. '4 The earlier reports, like the present one, are based on substrains derived from the same 197 1 sam pie from Khong Island, Laos. As no allozyme variation has been detected in 275 worms cx amined in 3 separate studies and as the electro morphic patterns obtained have been very sim ilar we feel confident in pooling these data on variation in S. mekongi. We can accordingly characterize this species at 15 loci.
For S. japonicum, a similar argument (based on identical site of origin) justifies pooling the data for 4 strains isolated from near Palo, Leyte, Philippines:
Fletcher et al. â€(isolated in 1969), Yong et al. '4 (1981) , and our own LEYTE LAB (1980) and LEYTE FIELD (1984) 
single enzyme they were unable to interpret this pattern in the way that multipbe locus analysis permits. We suspect that the mu! tiple-banded patterns for GPI, PGM, MDH-1, and HK resolved by Yong et ab. for their S. ja ponicum strain indicate that the proteins in that particular batch ofworms had been partially de graded. Ifone regards the slowest migrating band or bands described by them as representing the albozyme (and the faster bands as subbands and breakdown products retaining some enzymatic activity) then their electromorphic patterns are identical to those obtained in our laboratory. Ac cordingly, we can justify pooling the data for these 4 strains and producing a composite char acterization of the Leyte genome at 18 boci.
We have therefore combined these results to produce composite samples representing S. ja ponicum from Leyte, S. mekongi, and the Ma laysian schistosome. The resulting genetic data may then be compared with our samples rep resenting S. japonicum from the Philippine is lands of Luzon and Mindoro, and with previ ously described samples from Japan, China, and Formosa ( Table 1) .
The back of albozymic variation in the 15 strains of Asian schisotosomes investigated for 9â€"18boci is surprising. A survey'9 of variation in a thou sand species of organisms showed P = 0.284 and H = 0.07 and, among 361 invertebrates, P = 0.375 and I? = 0.100. We expected to find this much variation in our freshly established strains of S. japonicum and the Malaysian schistosome. Our previous study of 22 strains of S. mansoni showed P = 0.13 (0â€"0.33) and H = 0.04 (0â€" 0.08). 2 The composite characterizations of S. japon icum (Leyte), S. mekongi, and the Malaysian schistosome involve 18, 15, and 14 boci, respec tively. These numbers of loci permit reasonable estimates of actual variability.20 Although it would be preferable to increase the number of boci involved to about 24, this is hard to do with limited numbers ofsmalb animals. Nevertheless, the boci examined include enzymes with a variety ofdifferent metabolic functions and it is reason able to expect that our single gel electrophoretic technique detects about 80% of the effective number ofallebes se222 The failure to detect genetic variation in S. japonicum and the Malaysian schistosome is probably not attributable to the small size of our samples. In each case the effective initial popu bation size and the mean number of individuals scored per locus (>40) is adequate. In fact, it has been found that a sample size of8â€"12 individuals will yield an estimate ofH within 1% ofthe value obtained from a very large sample size.23 Such estimates are far more sensitive to the number and type of loci examined than to sample size. Perhaps because we failed to resolve nonspecific esterases and oxidases we have underestimated genetic variability, as such loci are among the most variable in other groups of animals. Al though this may be so, we have included all 7 polymorphic loci reported in S. mansoni in our sample of enzymes. Furthermore, as our char acterization of S. japonicum (Leyte) involves 4 sequential samples of 62â€"262 worms we would expect to have detected any additional alleles present at frequencies of >0.01. Similarly, a!-though our 2 sequential samples ofthe Malaysian schistosome from Koyan are smaller, they are adequate to detect alleles at frequencies of 0.05.
We expected the Asian schistosomes to be as variable as African S. mansoni. S. japonicum has a lineage extending back about 10 million years, is sexually reproducing, inhabits a wide geo graphic range, has coevolved with a genetically variable snail, and has a diversity of mammalian hosts.2@26 Species with such characteristics might be expected to show moderate levels of protein variation. Although our previous failure to detect variation in laboratory strains of S. japonicum and S. mekongi may have been due to genetic drift and artificial selection,27 this cannot account for the situation in the Leyte, Mindoro, or Koyan strains as they were founded with cercariae from 10â€"50 naturally infected snails. We conclude that these best characterized strains of Asian schis 
T4'@au@ 2 Genetic distance (D), standard error of D and the number of loci examined between various pairs of strains of Asian schistosomes
tosomes are close to isogenic and that the pop ulations they represent probably have very low levels of albozyme variability. Additional re search with carefully established strains based on even larger numbers of infected snails is now required as is the experimental investigation of the possibility that these species are capable of reproducing parthenogenetically (as was recently demonstrated in S. mansoni).28 Enzyme electrophoresis is now well estab lished as a technique useful in resolving taxo nomic and phybogenetic problems in sexually re producing organisms.2@3' To quantify genetic differentiation between populations we calculat ed Nei's measure of genetic distance (D) modi fled to allow for differences in sample size.'7 D is an estimate of the number of codon substi tutions per locus; it can vary between 0 (when 2 samples are genetically identical) and infinity. At low to moderate values it may be linearly related to time and although the calibration of a single, multilocus protein-electrophoretic clock is the subject of debate and varies between different classes of organisms, D gives a clear indication of relative divergence within a group of related organisms (family or genus).â€ • 32 As noted above, S. japonicum from Palo, Leyte, has now been characterized on the basis of 18 monomorphic loci. We compared this popula tion with fresh samples from Luzon and Mm doro Islands. The data for LUZON are very lim ited (Table 1 ) but indicate D = 0 between this sample and LEYTE. The lack of differentiation is not surprising as the sites are only 200 km apart, as the parasite is found on the intervening island of Samar, and as land bridges connected Luzon, Samar, and Leyte during the Pleistocene when sea levels fell below â€" 140 m. In contrast, we found the MINDORO strain to be moder ately differentiated from LEYTE; D = 0.29 on the basis of 12 loci (Table 2 ). Such a difference may have evolved ifthe schistosomes in the two areas had been isolated from one another; iso lation ofthe Mindoro population is a possibility, as this large volcanic island to the west of Luzon is a true oceanic island separated from others by a deep (>200 m) and more ancient water gap. Only additional sampling from throughout the range ofS. japonicum in the Philippines will a!-low us to interpret the genetic distance reported here. It is important to note, however, that D = 0.29 is a moderately high value for an intraspe cific D and larger than those reported previously for the still inadequately documented China Formosa and Formosa-Japan comparisons (Ta ble 2). One survey of over 7,000 estimates of D involving conspecific populations of other or ganisms revealed that only 2% of the D values were >0.l0.@'
The suggestion in Table 2 that MINDORO is more closely related to JAPAN than to LEYTE is probably erroneous as the D values are based on only 7 loci. It is worth remembering, however, that Japanese troops moved through the Phil ippines 40 years ago and that some associated movement of schistosomes may have occurred. Although the previously published data on S. some is not S. japonicum (predicted by Davis and Greer)3 brings into question the identity of the other japonicum-like animals in Sulawesi, Sabah, southern Thailand, northern Thailand, Laos, and Ka63' Until these isolates are studied genetically it would be prudent not to assume they are S. japonicum s. s.
We summarize our preliminary phylogenetic findings in a composite dendrogram (Fig. 1) con structed using the unweighted pair-group clus tering method and the data in Table 2 .18 For comparative purposes we include a tree for S.
mansoni derived by calculation of the genetic distances from data published previously.2â€• We conclude that protein electrophoresis is ideally suited to resolving the relationships among the more closely related schistosomes.
This report has the following medical and pub lic health consequences. First, the possible med ical correlates of the increasingly complex taxo nomic situation merit more attention than they have received. It is reasonable to expect the dif ferent species and species groups of schistosomes to differ in their epidemiology, pathology, and response to various treatments. Second, our con tinued failure to find intrastrain variation in the Asian schistosomes has important ramifications. Although isogenic strains are ideal for some in vestigations (immunological experiments and sources for monoclonal antibodies) single iso genic strains may be inappropriate models for geographically widespread species. Develop ment of broadly applicable disease diagnosis, treatment, and control techniques involving vac cines and drugs may be more difficult in view of this pattern of marked geographic variation.27
